The willingness of households to pay for prevention against industrial risks can be revealed by real estate markets. By using very rich microdata, we study housing prices in the vicinity of hazardous industries near three important French cities. We show that the impact of hazardous plants on the housing values strongly differs among these three areas, even if the areas all surround chemical and petrochemical industries. We compare the results from both standard parametric and more flexible, semiparametric models of hedonic property. We show that the parametric model might structurally lead to important biases in the estimated value of the impact of hazardous plants on housing values and in the variations of this impact with respect to the distance from the plants.
Introduction
Real estate markets can demonstrate their households' willingness to pay to reduce their exposure to hazardous industrial facilities. Indeed, hazardous industrial activities generate strong negative externalities: neighboring populations partly bear the cost of a potential industrial accident; and they can also endure day-to-day nuisances associated with the ordinary course of these activities. However, these facilities also generate positive externalities (Greenstone et al., 2010) : they provide, directly and indirectly, employment; and through local taxes, they can contribute to the economic development of the municipalities.
Measuring the impact of the distance from the hazardous facilities on the housing values reveals to what extent the facilities' activities are perceived as disamenities.
We estimate the impact of the distance from the hazardous facilities on the housing values by using hedonic price models. The first-order derivative of the hedonic price function with respect to the distance from the hazardous plants provides an estimate of the buyers' willingness to pay to live far from these plants. We study housing prices in the vicinity of three important French cities (Bordeaux, Dunkirk, and Rouen). These three industrial areas all have hazardous chemical and petrochemical industries in addition to other unhazardous industries. But, each has different socioeconomic characteristics and different perceptions of industrial risk. This case study relies on a rich dwelling-level micro-database in which each dwelling's address is precisely geocoded. We collect detailed data relative to the dwellings' extrinsic characteristics such as their proximity to a central business district, shops, and public utilities; and their exposure to industrial risk and to other risks or pollutions. The dwellings' price and intrinsic characteristics come from notarial data, and information about buyers and sellers is also provided.
Our first contribution is to study the impact of hazardous chemical and petrochemical industries on housing prices with rich microdata. Indeed, our unique database is much richer than those used by studies on the impact of similar industrial risks on housing prices. The impact of risk exposure on real estate prices is estimated for oil facilities by Boxall et al. (2005) and Flower and Ragas (1994) , for the chemical industry by Caroll et al. (1996) , and for industrial areas with chemical or petrochemical facilities by Sauvage (1997) and Travers et al. (2009) . These studies use data with few (or without) extrinsic characteristics of the dwellings and without information on the buyers and sellers. 1 1 See Table 13 in Appendix A.2 for a review of all these studies and their data.
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Our second contribution is to apply our database to two models to compare the estimated impacts of the distance from hazardous plants on housing prices: a standard parametric model and a semiparametric model. The semiparametric regression is a locally weighted regression that allows implicit prices to vary with respect to space, time of sale, and the buyer's characteristics while keeping some smoothness in their distribution. This variation enables to relax and to test the assumption of the fixed parameters. With this approach, we find that the fixed-parameter assumption is rejected, which confirms the need for flexible forms and the use of semiparametric models. This study is the first to compare parametric and semiparametric models in the analysis of industrial risks, although this comparison has been used for other amenities; such as agricultural pollution (Bontemps et al., 2008) and light rail access (Redfearn, 2009 ). Anglin and Gencay (1996) also show that semiparametric hedonic models outperform parametric ones. McMillen (2010) , McMillen and Redfearn (2010a) , Redfearn (2009), and Sunding (2010) specifically compare parametric models with a locally weighted regression and recommend its use. Redfearn (2009) shows that implicit prices vary spatially and temporally and that assuming fixed implicit prices is a misspecification of the hedonic model. This misuse of parametric models has important consequences in our case study. Even though the signs and orders of the magnitude of the effects are similar in the two models for the very wide majority of coefficients, the estimated impacts of the distance from highly hazardous plants on housing prices significantly differs between the two models. The parametric model leads to an important bias (here an overestimation) in the estimated value of this impact near Bordeaux and Rouen and in its variations with respect to the distance from the plants near Rouen. Using the semiparametric model, we show that the impact of hazardous plants on housing values strongly differs among the three industrial areas, even if they all surround chemical and petrochemical industries. The gunpowder factory near Bordeaux is a former military plant that was not necessarily perceived as hazardous by the neighboring population. We find that its proximity is even valued, probably because its neighborhoods are green and very quiet places. Thus, in this case, we capture the unobserved amenities that are spatially correlated with the distance from the plant. For Dunkirk and Rouen, chemical plants are clearly identified as hazardous by local populations. However, for Dunkirk, we find no significant impact of the distance from these plants on housing prices, likely because these industrial risks are overshadowed by the nuclear plant in Gravelines (located 18 km from 2 Dunkirk). For Rouen, highly hazardous plants are perceived as disamenities: on average, households are willing to pay around 1.2% of their dwelling price to move 100 more meters away from these plants. This marginal willingness to pay decreases with respect to the distance from the plants, because the marginal gains (in terms of exposure reduction) of going further away from the hazard's source are likely to decrease. Further, we show that this marginal willingness to pay increases over time following accidents, information policies, or risk management laws.
Our results have practical implications. They show that parametric hedonic models can lead to an important bias in the estimated value of the marginal willingness to pay. Further, our results show that this estimated willingness to pay has a limited external validity: it strongly differs among industrial areas, even among chemical and petrochemical industries; it also depends on the distance from these facilities and on time. Thus, our findings call for the careful use of a population's willingness to pay for prevention against industrial risks in the cost-benefit analyses of prevention measures. Until now, most cost-benefit analyses have used the parameters taken from the estimation of parametric hedonic models and on other study areas and time frames than the ones under consideration in these analyses. This use can lead to a significant bias in the estimation of the efficient prevention level.
The paper is organized as follows. The parametric and semiparametric models are presented in Section 2. In Section 3, we describe the three industrial areas, the delimitation of the study areas, and the data. Section 4 contains the results from the parametric and semiparametric models. Section 5 concludes.
Model
Hedonic property models. Hedonic property models enable the estimation of the implicit price of the distance from highly hazardous plants (the first-order derivative of price with respect to this distance). This implicit price is equal to the households' (buyers' or sellers') marginal willingness to move one more meter away from these plants. Indeed, in the framework formalized by Rosen (1974) , a dwelling is defined by its distance d from a highly hazardous plant and several other characteristics X, which determine its price P (d, X). When choosing their locations, households equalize their marginal willingness to pay for increasing each characteristic by one unit with the marginal, or implicit, price of this characteristic. 2 Thus, the estimation of the hedonic price function provides an estimation of the implicit price of the distance d from highly hazardous plants ∂P (d, X)/∂d, which can be interpreted as the households' marginal willingness to pay to move one more meter away from highly hazardous plants.
Unless making very specific assumptions, the hedonic price function is not linear and has no known explicit form (see Freeman (2003) for a review of hedonic price methods). For this reason, we first perform the following parametric models: linear, log-linear, log-log, and linear with Box-Cox transformations of the price and continuous regressors while allowing these Box-Cox coefficients to be different (Grislain-Letremy and Katossky, 2013) .
For each of these specifications, we add fixed effects (municipality dummies) and test for different types of spatial dependency (spatial errors and/or spatial lag). A comparison by likelihood ratio tests of these nested models shows that a more flexible form is better (Grislain-Letremy and Katossky, 2013) .
In addition to the baseline log-linear model, we use two extensions of this model: a parametric and a semiparametric model.
Parametric model
The parametric model is a log-polynomial model with municipality and time dummies based on an ordinary least squares. We estimate the logarithm of the price P i of dwelling i as a function of the distance from the plants d i , the dwelling's other characteristics X i , and the vector η t i of time dummies (for month and year of sale). In Bordeaux, the square and the cube of the distance from highly hazardous plants are significant and are included in the regression. For Rouen, only the square of the distance from highly hazardous plants 2 Specifically, a household of income y chooses its location by maximizing its utility U (z, d, X), where z denotes the amount of composite consumer good (which comprises all consumer goods except land), under its budget constraint y = z + P (d, X). The location choices by households maximize their utilities by equalizing their marginal rates of substitution between each characteristic (d or x k ) and money with the implicit price of this characteristic (∂P (d, X)/∂d or ∂P (d, X)/∂x k ):
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Semiparametric model
Motivation. The semiparametric model is also based on a log-linear specification. It is a locally weighted regression (LWR) that allows the marginal willingnesses to pay for characteristics to vary with respect to space, time of sale, and the buyer's characteristics while keeping some smoothness in their distribution. Indeed, the marginal willingness to pay for each characteristic is a priori not uniform over the study area (McMillen, 2010) .
The willingness can also vary after events that could have changed the risk perception, such as local or national accidents or information policies. For example, Gayer et al. (2000) and Kohlhase (1991) show that real estate prices can be significantly modified by information policies on hazardous waste facilities. 3 The willingness can also vary after changes in insurance coverage. For example, flood insurance policies shape real estate prices (MacDonald et al. (1990) , Harrison et al. (2001) , Morgan (2007) , and Bin et al. (2008) ). Furthermore, the willingness to pay can vary among buyers because of heterogenous preferences, even though the proximity in terms of preferences might be already partly captured by geographical proximity because of sorting in the housing market.
McMillen (2010), McMillen and Redfearn (2010a) , Redfearn (2009), and Sunding (2010) specifically compare parametric models with a locally weighted regression and affirm the use of this semiparametric model. Redfearn (2009) prices is rejected and suggest that imposing fixed parameters generates spatial patterns in the errors that lead to parameter estimates highly sensitive to very small changes in the sample or in the specification. Second, Redfearn (2009) compares the regressions with and without a known local amenity and shows that the local regression analysis appears more 3 In the case of the disclosure of airport noise, Pope (2008) shows that publicly available information might not be adequately considered by all buyers. However, Currie et al. (2013) 's findings do not contradict perfect, or at least unbiased, information about industrial hazardous activities in the housing market, even in the presence of scientific uncertainty about health risks. 5 robust to omitted local amenities.
Locally weighted regression: formalization. We estimate the logarithm of the price P i of dwelling i as a function of the distance from the plants d i , the dwelling's other characteristics X i , and the vector η t i of the dummies for the time of sale. We allow the coefficients to vary with respect to space (x and y coordinates, xc i and yc i ), the time of sale (t i ), and the buyer's income (y i ) while keeping some smoothness in their distribution.
We choose the buyer's income as its main characteristic. The income is imputed by using the gender, age, marital status, and the municipality of origin (Section 3); this way it summarizes the buyer's primary characteristics. 4 By denoting Z i = (xc i , yc i , t i , y i ), we get
More precisely, the LWR is a set of weighted least square regressions with one regression for each observation (see McMillen and Redfearn (2010a) for a review). Each regression estimates the implicit prices at each observation by using a subsample of "close" observations. The proximity refers to spatial proximity, temporal proximity, as well as the proximity of the buyer's characteristics. The set of observations used in each local regression corresponds to the observations within a window around the considered observation j. 5 Formally, the objective function for the estimation of the LWR is for observation j:
where
is the weight for each observation i; this weight is a decreasing function of the spatial, temporal, and the buyer's distance from observation i to the considered observation j.
Weights. First, we apply the Mahalanobis distance d M (Z i , Z j ) between Z i and Z j to move from four dimensions to one dimension in our kernel:
4 We could have also allowed the marginal willingnesses to pay for characteristics to vary with respect to all primary characteristics of the buyers. But, in several parametric models, we do not get significant coefficients when the distance from the plant is crossed with the buyer's characteristics.
5 Estimating numerous separate regressions for each observation could imply a high degree of freedom. This is not the case because of the smoothness implied by the overlapping samples (Redfearn (2009) , see McMillen and Redfearn (2010a) for more details).
6 Compared to the Euclidean distance, the Mahalanobis distance takes into account the correlations of the data set and is scale-invariant.
where Z = (Z 1 , ..., Z n ). Then, the weights are generated by a kernel weighting function, the tri-cubic kernel weighting function, applied to this distance:
is the largest Mahalanobis distance from the considered observation j to any observation within the window.
Window. Whereas the choice of the kernel function has a limited impact on the estimation results (McMillen, 2010) , 7 the choice of the window is crucial. The common window for all of the regressions can be chosen as a minimizer of the mean difference between the dependent variable and the estimated value over all of the regressions when excluding the considered observation from the sample. 8 The size of the window estimated by cross-validation corresponds to 36% of the initial sample for Bordeaux, 40% for Dunkirk, 76% for Rouen. 9 However, larger windows are needed when the objective is to measure the marginal effects and not to predict the dependent variable (McMillen, 2010) . The larger windows are all the more needed that the interest variable (the distance from highly hazardous plants) varies with some kernel variables (the geographic coordinates): small windows can lead to imprecise estimates of the interest variable's marginal effect. These are the reasons why we use windows that correspond to 80% of the initial samples in the three areas. The significance and the mean value of the impact of our interest variable on the dwelling's value appear robust when considering smaller windows (60%, 40%) with either tri-cubic or gaussian kernels.
7 Results are robust when using a gaussian kernel function instead of a tri-cubic one. 8 The LWR model can be written under a linear form (McMillen and Redfearn, 2010a) . By denoting Yi = ln(Pi), we get
Thus, a cross-validation estimate of h is a minimizer of the cross-validation measure CV (h):
whereŶ h,i is the estimate based on the sample from which observation i is removed and using a window of size h around i. 9 The initial samples comprise 1,423 observations for Bordeaux, 1,016 for Dunkirk, and 571 for Rouen. Thus, the size of the window estimated by cross-validation corresponds to 512 observations for Bordeaux, 406 for Dunkirk, and 434 for Rouen.
Industrial areas, study areas, and data
In this section, we detail the selection of the industrial plants, the delimitation of the areas, and the collected variables.
Industrial areas
Many French hazardous industrial plants are surrounded by a high population density.
However, the important work required by data collection limits the number of sites that could be studied. We choose three industrial areas because of the different socioeconomic characteristics of the surrounding neighborhoods and those neighborhoods' different perceptions of industrial risks. Near Rouen, some plants were established in the 1920s and 1930s. However, the majority of the plants progressively appeared between the 1960s and the 1990s, and urban areas simultaneously extended while becoming closer and closer to these different plants. There are now 13 hazardous plants: two "upper tier" Seveso sites, one "lower tier", and ten authorized Seveso sites. Their activities are quite diverse: storage and refining of liquid petroleum gas, production of Diester oil (biodiesel) and of liquid carbon dioxide, perfume storage, paper manufacture, goods transportation, and warehouses. They expose the local population to the same risks as in Dunkirk: explosion, fire, toxic pollution. Because of the landscape, chimneys and silos cannot be seen from some neighborhood dwellings.
Although all these highly hazardous plants were established well before the study period, several other events, either local or national, might have modified the risk perceptions between 2000 and 2008. We detail all these local and national events in Table 2 in Toulouse and the implementation of a risk management law during the study period.
The AZF accident, which is the major industrial accident in France in the last decades, appears to have left a particularly deep and long-lasting impression near Rouen because one of the plants in this study, Grande Paroisse Normandy, has a very similar activity to the AZF plant and belongs to the same company, Grande Paroisse (a subsidiary of Total group). 11 This accident precipitated the 2003 law that created in particular the technological disasters insurance system, which improves the coverage of households, and the technological risk prevention plans, which were implemented after the study period in each of the three areas. 
Delimitation of study areas
In order to measure the impact of the distance from plants on housing values, the study area has to be broad enough to include dwellings close to and far from the plants. However, as Redfearn (2009) (Table 13 in Appendix A.2).
Data collection
Our analysis requires data on the price and characteristics of the dwellings, and the characteristics of the buyers and sellers (Table 3 ). The price of the dwelling and its intrinsic characteristics (state, living space, number of rooms, etc.) come from the PERVAL notarial data for the years 2000, 2002, 2004, 2006, and 2008 . Thus, only the dwelling purchases (as opposed to rents) can be studied. We consider transactions only between households.
Furthermore, we restrict our analysis to houses (as opposed to apartments), because they represent a homogeneous market. 12 Each dwelling's address is precisely geocoded. Detailed data relative to the dwellings' extrinsic characteristics are collected: commuting time (by Our database is unique and much richer compared to those in the literature that study the impact of similar industrial risks on housing prices (Table 13 in Appendix A.2). These studies use data with a similar number of observations but with few (or without) extrinsic characteristics of the dwellings and without information on the buyers and sellers. Our samples comprise 1,423 observations for Bordeaux, 1,016 for Dunkirk, and 571 for Rouen.
Further, in the chosen study areas, the transactions within each jurisdiction are relatively uniformly distributed over the study period (Table 12 in Appendix A.1). The detailed descriptive statistics are provided in Appendix A.1 (Tables 9, 10 , and 11).
Our key variable of interest is the distance from the dwelling to highly hazardous plants (mainly Seveso sites, "upper tier" and "lower tier" ones). We also consider the distance from 
Results
We estimate the hedonic price function with three different models: the baseline parametric OLS log-linear model and two extensions of this model, a parametric OLS log-polynomial model, and a semiparametric LWR log-linear model (Section 2). The results of these hedonic regressions are presented for Bordeaux in Table 4 , for Dunkirk in Table 5, and for Rouen in Table 6 . 14 As expected, being recently built; in good condition; living space; numbers of rooms, bathrooms, and parking spaces; and total acreage all increase the dwelling's value. The presences of outbuildings, a basement, and a swimming pool can also increase the dwelling's price. Because variations in commuting times are limited (Table 10 in Appendix A.2), and with the addition of municipality dummies in parametric models, the commuting time from the central business district does not significantly modify the dwelling's value. 15 In the three models, the signs are the same and the orders of magnitude are similar.
Different impacts of the distance from highly hazardous plants between the studied areas
Even among the same category of industries (chemical and petrochemical industries), the impact of the distance from highly hazardous plants on the dwelling's value varies between the three areas. For Bordeaux, in all of the models, the proximity to the gunpowder factory is valued by the inhabitants in close vicinity (Table 4) , probably because the neighborhoods around the plant are green with many trees and are very quiet. 16 Thus, we capture unobserved amenities that are spatially correlated with the distance from the plant.
For Dunkirk, the semiparametric model reveals that the distance from highly hazardous plants does not significantly impact housing prices (Table 5) . Indeed, the presence of a nuclear plant in Gravelines (located 18 km from Dunkirk) likely overshadows the exposure to other industrial risks. On the contrary, the parametric model indicates that the distance from highly hazardous plants increases the housing prices in Dunkirk. This difference is 14 Parametric regressions include municipality dummies and year and month dummies. For the sake of readability, these estimated coefficients are not reported. Some of them are significant at the 1% or the 5% level.
15 When excluding the municipality dummies, the commuting time is significant in all of the parametric models. In the semiparametric ones, this effect is captured by the distribution of intercepts, as the intercept is allowed to vary with respect to the kernel variables, in particular the geographic coordinates. All these results are similar when using the geographic distance from central business district instead of the commuting time.
16 These green areas do not belong to parks. This is why this effect is not captured by the observed distance from parks.
due, not to the nature of the model used, but to the size of the sample used for the regressions. For Dunkirk, the main part of the sample is almost uniformly concentrated between 700 m and 3 km from the highly hazardous plants. In the semiparametric regression, the extreme observations are rarely used and weigh less than the others; but in the parametric regression, the whole sample is used and each observation has an equal weight. When restricting the observations to between 700 m and 3 km, the parametric regression shows that the distance from the highly hazardous plants does not significantly impact housing prices.
For Rouen, in all of the models, the distance from highly hazardous plants increases the dwellings' values (Table 6 ): the highly hazardous plants are perceived as disamenities. The magnitude of this impact is important: on average, the households are willing to pay around 1.2% of their dwelling's price to move 100 more meters away from the highly hazardous plants in Rouen (Table 7 ). This order of magnitude is consistent with other studies relative to the impact of similar industrial risks on housing prices (Table 13 in Appendix A.2).
Reviewing other similar studies shows that the distance from hazardous plants can increase, decrease, or have no significant impact on housing prices, depending on the studied case and in particular on the type of industries (Table 13 in Appendix A.2). Clark and Nieves (1994) also show that the proximity to a petrochemical refinery weighs more on the housing prices than the proximity to coal, gas, or oil-fired plants; to hazardous waste; or to a liquefied natural gas site. Our results confirm this dependency on the studied case, which is here mainly due to the differences in the perception of industrial activities and of their neighborhoods.
Testing the fixed-parameter assumption
When comparing the parametric model and the baseline log-linear model, the square or the cube of the distance from highly hazardous plants are significant in the parametric model for Bordeaux and Rouen (Tables 4 and 6 ). This significance suggests that the fixedparameter assumption does not hold. The fixed-parameter assumption is properly tested by comparing the semiparametric model and the baseline log-linear model, which corresponds to a nested model under the null hypothesis of fixed coefficients. 17 This hypothesis is rejected at the 0.01% level, which supports both the use of the flexible forms and the 
Comparing the impacts of the distance from plants estimated by the parametric and semiparametric models
We compare the estimated impacts of the distance from the plants provided by the parametric log-polynomial model and by the semiparametric model.
Value. Parametric log-polynomial regressions lead to a bias in the estimated value of the impact of the distance from highly hazardous plants on dwelling prices for Bordeaux and
Rouen. The implicit price of distance d from these plants equals the absolute marginal willingness to pay AM W T P to move one more meter away (Section 2). To make comparisons between the dwellings or between the three areas easier, we also compute the relative willingness to pay RM W T P to move 100 more meters away from the plants (expressed as a percentage of the dwelling's price).
RM W T P = ∂P (X) ∂d ∆d P with ∆d = 100. Table 7 properly compares the absolute and relative marginal willingnesses to pay, as estimated by the parametric and semiparametric models.
The parametric model leads to a biased estimation of the average marginal willingness to pay over the sample, be it the absolute willingness or the relative one, for Bordeaux and Rouen. For Rouen, the parametric model leads to a clear overestimation: the means of the absolute and the relative marginal willingnesses to pay are 31% and 39% respectively higher than as estimated by the semiparametric one (Table 7) . However, the model's bias could lead either to an overestimation or to an underestimation of the average marginal willingness to pay. Indeed, the semiparametric model gives a higher weight to sets of "close" observations (proximity being defined by the kernel in terms of location, time, and income), whereas the parametric model gives an equal weight to each observation. 18 If, as here, these sets of "close" observations correspond to a lower marginal willingness to pay than the average, the parametric model leads to an overestimation of the average marginal willingness to pay. Notes: In the parametric regression, the log of price is explained by the linear expression of the dwelling characteristics and by a polynomial of the distance from the plants (Equation 4 ). In the semiparametric regression, the log of price is explained by the linear expression of the dwelling characteristics while allowing the coefficients to vary with respect to Zi, that is, with respect to the geographic coordinates, time, and the buyer's income (Equation 6 ). Thus, we get Log-polynomial OLS Bordeaux: AM W T P = (β1 + 2β2d + 3β3d 2 )P (X), RM W T P = (β1 + 2β2d + 3β3d 2 )∆d, Log-polynomial OLS Dunkirk:
AM W T P = β1P (X), RM W T P = β1∆d, Log-polynomial OLS Rouen:
AM W T P = (β1 + 2β2d)P (X), RM W T P = (β1 + 2β2d)∆d, Log-linear LWR:
For Dunkirk, the willingnesses to pay as estimated by the LWR are not provided because the distance from the nearest highly hazardous plant is not significant in this model. Variations. For Rouen, the parametric model also leads to a biased estimation (here again a clear overestimation) of the variations in the relative marginal willingness to pay with respect to the distance from plants. 19 We perform regressions that correspond to the second step of Rosen (1974) 's method. The first step is the main hedonic price regression: it estimates the dwelling price P (X) depending on the dwelling characteristics X (Table 6 in Section 4). The second step consists of using the implicit price (∂P (X)/∂x k ) k estimated in the first step, by either the parametric or the semiparametric model, to recover the information relative to demand and supply. More precisely, we explain the marginal willingness to pay as estimated by the semiparametric regression with the distance from plants, year dummies, and the buyer's income; and also his or her age, gender, social and occupational group, marital status, and location of origin (Table 8) . We explain the marginal willingness to pay as estimated by the log-polynomial parametric regression with the distance from the plants (Table 8) . 20
These regressions must be considered as essentially descriptive because they explain the willingness to pay to move away from the plants ( The households' willingness to pay to move further away from highly hazardous plants decreases with respect to the distance from plants over the study area for Rouen (Table 8 , Figure 5 ). This is due to the fact that the marginal gains (in terms of exposure reduction) of moving further away from the hazard source are likely to decrease. However, two other phenomena might explain the variations in the willingness to pay. First, other spatially correlated amenities could bias these estimated variations. Second, there might be sorting in the housing market, uncaptured by the buyer's observed characteristics: households with 19 Results are similar when using the absolute willingness to pay. 20 Indeed, the log-polynomial parametric model does not allow the marginal willingness to pay to vary with respect to time or the buyer's income. When explaining the marginal willingness to pay as estimated by the parametric regression also with respect to the time of sale and all of the buyer's characteristics, we find only a significant impact from time (a significant increase in 2002, 2004, and 2006) .
21 Ekeland (2004) offer two methods to implement this second-step regression by using data from a single market. However, our data do not enable us to apply them because the variability of the dwelling's characteristics with respect to the buyer's observed characteristics is required. This simultaneous choice also creates an endogeneity bias in the first step. a higher willingness to pay to live further away from the plants might intentionally choose a more distant location from these plants. We observe the net result of all three effects; it appears that the first effect dominates the last two. The decrease in the households' willingness to pay to move further away from plants is overestimated by the parametric model: the corresponding coefficient is three times higher (Table 8, Figure 5 ).
In the semiparametric model, the households' willingness to pay to move further away from highly hazardous plants increases over time following the 2001 AZF accident, this increase being significant at the 10% level (Table 8 ). Another analysis of the impact of the AZF accident on housing prices near a French facility similar to the AZF plant (Travers et al., 2009 ) (Port-Jérôme harbor, Seine-Maritime, France) shows the absence of an impact by using a parametric model. Here, the impact of the AZF accident might be more expected, because Grande Paroisse Normandy, which is settled in near Rouen, not only has a very similar activity to the AZF plant but also belongs to the same company, Grande Paroisse (a subsidiary of Total group). The willingness to pay also increases over time following the 2003 law (Table 8 ). This law implemented the technological disasters insurance system, which improves the coverage of households against technological disasters and might have (Table 8 ). The buyer's characteristics of income, age, gender, and social and occupational groups do not significantly explain the willingness to pay to move further away from the plants (Table 8) . 22 Single people have a lower relative willingness to pay to move further away from highly hazardous plants, probably because they do not have any children. The buyers originating from more than 15 km from the study areas have a similar willingness to pay to move further away.
Conclusion
Real estate markets can reveal their households' willingness to pay to reduce their exposure to hazardous industrial facilities. Using very rich microdata, we study housing prices in the vicinity of hazardous industries located near three important French cities: Bordeaux, Dunkirk, and Rouen. We estimate the impact of the distance from hazardous plants on dwelling values by using hedonic price models.
We compare the results from standard parametric models of hedonic property and an alternative, more flexible, semiparametric model of hedonic property. This semiparametric model is a locally weighted regression that allows the willingness to pay to vary with respect to space, time of sale, and the buyers' characteristics while keeping some smoothness in its distribution. Even though the signs and orders of magnitude of the effects are similar in the two models for a very large majority of coefficients, the estimated impacts of the distance from highly hazardous plants on housing prices significantly differs between the two models. The parametric model leads to an important bias in the estimated value of this impact for Bordeaux and Rouen and in its variations with respect to the distance from the plants for Rouen.
Using the semiparametric model, we show that this impact strongly differs among industrial areas, even among chemical and petrochemical industries, likely because of the different perceptions of industrial risks and dissimilar neighborhoods of these hazardous facilities.
We also show that this impact can vary within a study area. Indeed, the impact of the distance from hazardous plants on housing prices can significantly decrease with respect to the distance from the plants because the marginal gains in terms of the exposure reduction of moving further away from the hazard source are likely to decrease; it can also vary over time following accidents, information policies, or risk management laws.
There are two substantive lessons from our analysis. First, our results show that parametric models can lead to an important bias in the estimated value of the marginal willingness to pay. Second, our results show that the estimated willingness to pay for prevention strongly differs among industrial areas, even among one category of industries, and depends on the distance from these facilities and on time. This inadequate estimation method and this limited external validity call for careful use of the current estimations of the population's willingness to pay for industrial risk reduction in the cost-benefit analyses of prevention measures. Until now, most cost-benefit analyses have used the parameters taken from the estimation of parametric hedonic models on other study areas and time frames than the ones under consideration in these analyses.
